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APOLLO 9 
EARTH ORBIT WITH L/M 
AS 504 C/M104 GeN209 L/M3 GeN 605 


SPACECRAFT DEVELOPMENT FLIGHT CATEGORIES 
MAJOR STEPS TO ULTIMATE MISSION 


BP 6 PAD ABORT 
BP 12 TRANSONIC ABORT 
BP 13 BOOSTER 
BP 15 BOOSTER 
BP 22 HI ALTITUDE ABORT LUNARILANDING rial 
BP 23 HI Q ABORT 

BP 23A- PAD ABORT LUNAR ORBIT <—— comptete renee 
SC 002-TUMBLING ABORT LEM EXCURSION 304 pag 


SC 009-SUB-ORBITAL <p (Man 
EARTH ORBITS WITH LEM <—— MULTI-VEHICLE 1 ;°5 (Unmanned) 


EARTH ORBITS ¢—— PARAMETER & STATISTICAL SC O17 - SC 020 
SC 101 (Manned) 


SUBORBIT 4———sT INTEGRATED SC SYSTEMS EXPOSURE SC O11 


SAT U RN Vv APOLLO CM 


S&ID 
LEM ADAPTER a 
S&ID e LES 
: S&ID 
INSTRUMENT UNIT 
‘APOLLO SM 
S&ID 


— 
S-il 
SaiD. GRUMMAN 
S-IC 
BOEING < J 1 J-2 ENGINE 
4 ROCKETDYNE 
360FT 
5 J-2 ENGINES 
ROCKETDYNE 
5 F-1 ENGINES TOTAL WT 


ROCKETDYNE 7,000,000 LBy_ 


C/M GUIDANCE, NAVIGATION, 


AND CONTROL SYSTEM 


OPTICAL 
NAVIGATION 
UNIT 


a 


INERTIAL 


( 
pd 


SIDE VIEW 


MEASUREMENT 


UNIT (IMU) 


COMMAND 
MODULE 


(CMC) 


COMPUTER 


Ke 


I 


THE APOLLO GUIDANCE AND NAVIGATION SYSTEM IS COM- 
POSED OF THREE BASIC SUBSYSTEMS: INERTIAL, OPTICAL 
AND COMPUTER. 


1. The inertial guidance subsystem is composed of inertial 
measurement unit (IMU) and associated equipment. This 
subsystem performs three major functions: (A) Measures 
changes in spacecraft attitude; (B) Measures spacecraft 
velocity due to thrust; and (C) Assists in generating steer- 
ing signals. 


The optical navigation subsystem is composed of a space 
sextant and a scanning telescope. Sightings on celestial 
bodies and landmarks on the moon and earth are used by 
the computer subsystem to determine the spacecraft's 
position and velocity and to align the inertial reference 
within the IMU. 


3. The command module computer (CMC) provides five major 
functions: (A) Calculates steering signals and engine 
discretes necessary to keep the spacecraft on the required 
trajectory; (B) Positions the stable member in the IMU to 
a coordinate system defined by precise optical measure- 
ments; (C) Positions the optical unit to celectial objects; 
(D) Conducts limited malfunction isolation of the GaN 
system by monitoring the level and rate of system signals; 
and (E) Supplies pertinent spacecraft condition information 
to the display and control panel. 


L/M GUIDANCE AND NAVIGATION EQUIPMENT 
LOCATION AND DESCRIPTION 


sc Loc 


PSA COU PTA MU NB ACT RR ANTENNA 


— DSKY, AND 
OTHER DISPLAYS 
ASCENT AND CONTROLS 
STAGE 


ASCENT ENGINE 


pescent 
STAGE 


+X AXIS 


~\ 


+Z AXIS 
LEM AXES 


DESCENT 
ENGINE 


+Y AXIS 


INERTIAL MEASUREMENT UNIT (IHU) ond associated equipment performs three major 
functions: (A) Measures changes in LM ottitude, (B) Assists in generating steering 
commands, and (C) Measures LIM velocity changes due to thrust. This unit monufactured 
by AC Electronics. 


ALIGNMENT OPTICAL TELESCOPE (AOT) Provides stor sighting dato which is 
manually inserted into the LM Guidance Computer for establishing the inertial reference. 
This unit manufactured by Kollsman Instrument Company. 


NAVIGATION BASE (NAV BASE) - Provides an accurate mounting base for the Alignment 
Optical Telescope (AOT) and the Inertial Measurement Unit, This unit manufactured by 
AC Electronics. 


LM GUIDANCE COMPUTER, (LGC) Performs four mojor functions: (A) Colculotes 
steering signals ond engine diseretes necessary to keep the LM on the required trajectory. 
(B) Positions the stable member in the INU to o coordinote system defined by precise 
optical measurements, (C) Conducts limited malfunction isolation of the PGNCS by 
monitoring the level and rote of system signals, and (D) Supplies pertinent LM condition 
information to the display and control panels. This unit manufactured by Raytheon. 


DISPLAY AND KEYBOARD (DSKY) Provides @ two-way communication link between 
the operator and the LGC snd the following functions may be performed: (A) Loading of 
dato into the LGC, (B) Display of doto and system configuration to the operator. This 
unit manufactured by Raytheon 


COUPLING DATA UNIT (CDU) The CDU, an oll-clectronic device, is used as an inter- 
foce element between the following: (A) The inertial subsystem and computer subsystem, 
{B) and the computer subsystem and the controls. This unit functions primarily os an 
anolog to digital or digital to anclog converter. This unit menufactured by AC. 


APOLLO 9 MISSION DESCRIPTION 


1. MANNED PRIME CREW 
James AL MecDivitt 
David R. Scott 
Russell L, Schweickart 


2. SECOND MANNED SATURN V MISSION 

3. COMBINED CSM AND L/M EARTH ORBIT 
4. PLANNED DURATION — 10 DAYS 

5: BOOSTER SATURN V BOOSTER NO. 504 


SPACECRAFT — CSM #104 AND LUNAR MODULE #3 
L/M G&N SYSTEM 605 


BLOCK II G&N SYSTEM 209 


APOLLO 9 MISSION OBJECTIVE: 
1st PERIOD 

1, CSM-ACTIVE DOCKING 

2. LM EJECTION FROM THE SLA 

3. CSM AUTOPILOT STABILITY MARGIN (Partial) 
2nd PERIOD 
3. CSM AUTOPILOT STABILITY MARGIN (Completed) 
ard PERIOD 

4, DPS BURN DURATION EFFECTS 

5. LM PGNCS DAP PERFORMANCE 
4th PERIOD 

6, EXTRAVEHICULAR ACTIVITY 


COMMANDER 
COMMAND MODULE PILOT 
LUNAR MODULE PILOT. 


BACKUP CREW 
Charles Conrad, Jr. 
Richard F. Gordon, Jr. 
Alan L. Bean 


Sth PERIOD 
v7: 


CSM SINGLE CREWMAN RENDEZ VOUS 
CAPABILITY 


AGS AV CAPABILITY USING DPS 
LM JETTISON 

LM CSM UNDOCKING 

PGNCS CONTROLLED APS BURN 


AGS CES ATTITUDE/TRANSLATION 
CONTROL, 


RENDEZVOUS RADAR TRACKING 
PERFORMANCE 

LM ELEVATION RENDEZVOUS 

LM ACTIVE DOCKING 

APS LONG-DURATION BURN 


APOLLO 9 SUMMARY FLIGHT PLAN (D MISSION) 


UM/TUNNEL PRESSURIZATION 


TUNNEL AND UM PRESSURIZATION 


DON PGAs 


LM/TUNNEL PRESSURIZATION, 
|B _MNVR TO ~ SPS BURN ATTITUDE 


a NsrosinOn, DOCKING ANDEIECTION | CLEAR TUNNEL CLEAR TUNNEL t| WAU ORIENT D 
TFARST S-IVB RESTART | 1 i } 1 UMP IVT TO LM Tumeivrtoum — | DON PGAs AND CLEAR TUNNEL. | alimu ORIENTATION | INITIAL ENTRY PREPS AND STOWAGE 
HT EALTOHERNIS ALIGNMENT check | | ORIENT, ALIGN IMU © IMU ORIENT | LMP AND COR IVI TO UM ko | vet v 
PREPS FOR BURN 1 AND BURN | Te tpieL | fr a | | M CLOSE TUNNEL; IMU REALIGN, i mu REALIGN | | MS /ERIFICATION 
f i ASSIST LM COARSE ALIGN & CLOCK SYNC PREP: | IMU ORIENTA . 
RSC OND Syn RESTART 1) Al INVA FOR AGT STAR osservarions| 'yHOw centercoucn | WNSISRIM COARSE ALIGN ACLOCK.SYNC | © PREPS FOR srs Bese | os 
SXT CALIB. RL MNVR TO-~SPS BURN ATTITUDE VMNVR FOR LM STEERABLE ANT TEST RIIMU REALIGN || MAINTAIN MIN. DB-ATTITUDE HOLD) | IMU REALIGN) | 1 | IMU REALIGN 8 
corr Pcl; |#MUORIENTATION | I MSFN RELAY Test || PLS COMM. CHECK | | PREPS. FOR UNOOCKING ANO UNOOCKING mat 5-taNo HIGH GAIN ANTENNA TEST FINAL ENTRY PREPS 
| . IMU REALIGN AND ALIGNMENT CK PLSS COMMUNI CATIONS CHECK! PREPS. FOR DEPRESS | | @ LM INSPECTION AND CSM SEP. BURN | H SPs. DEORBIT a RN OO 
IP. Xe | W PREPS FOR SPS BURN 2 AND BURN] BASSIST LM IMU COARSE ALIGN! CABIN. DEPRESS | DAU REALIGN AND PREPS. FOR LM PHASING BURN | | imu ORIENTATION ORBIT BU 
| | i SET ORDEAL AND ORBITAL RATE ATTITUDE HOLD AT MIN DEADBAND) ® EVA PHOTOGRAPHY | | MGRRMIBE | RENDEZ VOUS TRAC KING | fT e}mu REALIGN, H i | 
| SORA RING HITCH TMCTH Trimu realign | | 1] | LUMPeVTcsMs BACK TO UM IMU REALIGN | | || i 
= | FEIN WeATioN” PUCHIMETH) | mpRepS FOR DOCKED OPS BURN — | BREVA PHOTO. &LTS. CHECK HL PREPS. FORLM INSERTION BURN || WE LANOMARK TRACKING (P22) i |i 
a j IB PREPS FOR SPS BURN 3 AND aus CLEAR TUNNEL | “W[RePREss csm | PREPS. FOR LM CSI BURN | | | | IMU REALIGN | i 
VU i | IMU REALIGN] CDR IVT TO.CSM | INSTALL CTR. COUCH | PREPS. FORIMCOH BURN | | | eee) 
| i MB LMK TRACKING - YAWROLL METH, LJLMP IVT TO CSM | @ CLEAR TUNNEL | i) PREPS. FOR LM TPI BURN. LANDMARK TRACKING (P22) 
why REALIGN [An 7PM at cose nuranet | Gree, | | 1 EH Fo Macc sun) | ae § MU ORIENTATION \ 
nt mM | RENDEZVOUS; PHOTOS OF LM | | it SPLASH 
TOAYIIGHT MU REALIGN || BEEREES FOR SS BURN = AND BURN) CLOSE TUNNEL | BLDOCKING; CORONA TEST 2; cLEAR TUNNEL | | | Je IMU REALIGN | | PONT ay 
’ | a DOFF PGAs DOFF PGAs | LMP AND CORIVTTO CSM |. iT 1 | a PREPS FOR SPS BURN 7 AND BURN: | 
| | i a_CLOSE HATCH, STOW EQUIPT.; JETTISON LM | 
| | | j | i borrrGA | || | 
y a T | ry T t T 
Qootao.| SPS 80RN2 © FPS guyana SS auRN 4 | $5 BURNS | | | p8sste forge SL || ses uae | | Ses a7 crore 
NVR 22:12:00 25:18:30 B:B:00 db: | ar | 0 ) 47 
ATA jNOULLAGE AG ULLAGE NO ULLAGE aia ULLAGe | 4/17 ULLAGE | 4X JETS A“X JETS | 2/20 ULLAGE | 2/20 ULLAGE | 2/0 ULLAGE 
18 505665 8 110.4 SEC BT: Z7.6SEC BT: wB.OSEC | BT 41.5 SEC | (80, erg sec: iat Ue ee | 8 24 sec | Wy 6.2586 | Br: 12.3 Sec 
JA¥s 36.8 FS By, nasa tPS Av 2548. FPS GV, aop.ByPS | AV: 580.5 PS | | OV, GOFF AE SOT) avs 62.7 FPS evi asi eee av: 313-4 FPS 
| (113. X 191) (5 X71) (15 X71) (133 X 133) {|_| eva p (95.X 129) (93 X 210) | eae 
200 208216 
ACTIVITY DAY é 7 a 9 i 10 n 
REVOLUTION NO. =a H i By a a 5 8 3a a Ce i i 


cL 


APOLLO 9 SUMMARY FLIGHT PLAN (D MISSION) 


REVOLUTION NO. 


ow Oo 6% SF a & Got ar oO o o 3 78 
n i { ia aa a, SE ne Ta 


ACTIVITY DAY 


Ger 


100 


104 


108 


12 


OPS OFs csi Res COH APS TPIRCS Ans 
ae PHASING INSERTION | A JET INTCON 97:06:27.8 4 JETINTCON DEPLETION 
tee 93:50:03.6 95:41:48 96:22:00 4/4 ULLAGE 97:59:20.6 101:55 
ara te. | 2BULLAGE 2/9 ULLAGE BT: 30.6SEC BY; 3.1 SEC BT: 17.65EC 4/4 ULLAGE 
| i te et BY .25EC By, m4.8 SEC |4V: 97.8 FPS AV, 37.9 FPS aV: 21.8 FPS BT: 360 SEC 
rt AV; B5.0FPS av: 39,95EC | (120X139) (118X120) (119 X32) Vs 5.247 FPS 
115 X 270) EC 
( nia | ne xiag © TU att jee 
H f = 
arene [| ibaa LUMP IVT TO UM 
BL ENTRY CHECKS, EPS, ECS CHECKOUT, | MP INITIAL LM ACTIVATION | | BLINITIAL LM ACTIVATION ! 
CORIVTTOLM | VCORIVTTOLM | 1 COR IVT TO Uw 


CLOSE TUNNEL | 
GLYCOL, PGA, REGULATOR CHECK 
‘COMMUNICATIONS TESTS 4 f.V. 4 


1 
| MSFN RELAY TEST | 
| DEPLOY LANDING GEAR 


[1 DAS PRESSURIZATION, 
| 1 FINE ALIGN TORQUING 


1 

4 COR IV 10 CSM, 

@ | SUBLIMATOR DRYoUT 
UMP IVT TO CSM 


DAYLIGHT AOT STAR VISIBILITY CHECK 
'S=BAND STEERABLE ANTENNA TESTS 


| 

| BREMOVE AND REPLACE CA2TRIDGE 
| WPLSS COMMUNICATIONS CHECK 
| UIPGNCS, AGS, LGC ACT VATION 


I IMU COARSE ALIGN Wy B|H-BLAD FHOTOS AND T.V. 1 IMU REALIGN | I 
RCS PRESS, COLD FIRE HOT FIRE W| PREPS. FOR INSERTION AND BURN 
1 FINE ALIGN TORQUING —* REPRESS IM| | PREPS, FOR CSI; STAGING AND BURN 
1 LR, RR SELF-TEST; AGS CALIBRATIO’ PLSS RECHARGE AND DOFFING PREPS, FOR CDH AND BURN 


1 UPDATE, ALIGN, CaLIB. AGS 
| PREPS FOR DPS BURN ANDO BURN 
AGS CALIB. ANO Le SELF TEST | 


1 ASSIST CLOSING TUNNEL| _ | ASSIST CLOSING TUNNEL 
COMPLETE ACTIVATION FOR EVA 
"ASSEMBLE EMU FOR EVA | lll! LM ACTIVATION AND CHECKOUT 
PLS COMM. CHECK | AI IMU COARSE ALIGN, 
W PREPS, FOR DEPRESS AND DEPRESS | | | M 
SUMP EVTTO.CSM || IMU FINE ALIGN AND PREPS. FOR UNDOCKING 
| RETRIEVE CSM SAMPLES &_UNDOCKING AND INSPECTION MANEUVERS | 
1 UMPEVTTO LM | | | (EEN RENDEZ VOUS NAVIGATION. | 


1 RETRIEVE LM SAMPLES, TIMU REALIGN AND COAS CALIBRATION 
LMP EVALUATE LIGHTING] § PREPS, FOR PHASING ANO BURN 


| 
| 
| 
LMP INGRESS LM | | 
IN 


WREMOVE, REPLACE LIOH CART. © | | 
ICABIN CLEANUP & STOWAGE |’ lM PREPS. FOR TPI AND BURN | 
ECOR IVT TO CSM TMC} AND 2, BRAKING | 
WSUBLIMATOR DRYOUT @ ROZ., CSM PHOTO, CORONA TEST 1 | 


ACTIVITY DAY 5 


RELATIVE MOTION (CURVILINEAR, CSM CENTERED) FOR LM ACTIVE RENDEZVOUS 


"6 T Tatar 11-1 
g ar 95:41:48 ACS C3 
E ‘AV: 39.9 FPS 6: 22) 
22 aa AV; 37.8 FPS 
ny kg af ei 
gs 
& 3 SM=RCS 1 
<4 SEPARATION4 || — 
& 78:06:45 
21F- —f av 6 FPS - 
2 |_OPS PHASING 
$ 93:50:03.6 
BY AV: 85 FPS z { 
Fa UNDOCKING, 
S Batt hyungockine| | I 
Pe 8 RCS TPH 
97:59:20.6 
Pe BV, 21.8 FS 
z i 
2 {ftps 
> ag _ 
0 0 10” 30 40 30 60 70 80 9% 
LM AHEAD ——}— LM BEHIND 
CCURVILINEAR HORIZONTAL DISPLACEMENT, X (N MI) 


VLMP IVT TO CSM WJDOCK., CORONA TEST 2,CLEAR TUNNEL 

| ‘CDR AND LMP IVT TO CSM 
TUM JETTISON | | 

TAPS BURN TO DEPLETION 


HOURS 


GENERAL ACTIVITY 


GUIDANCE 


LAUNCH COUNTDOWN SC 104 


-132 -130.-128 -126 -124 -122 -120 -118 -116 -114 -112 -II0 -108 -106 -104 -102 -100 -98 -96 -94 -92 -90 -88 -86 -84 -82 


icsm TURN. ON & SYSTEM VERIFICATION 


{ [WAIER ‘SERVICING (SIMUL ING [SIMULATE CDDT) ] 

[station CAL 
POWER ON STRAY VOLTAGE CHECKS] 
[GSE POWER VERIFICATION (Icom test 
[se POWER UP 
BIO MED CKS[}IJCLEAR SLA 


[-—I6He svc preps. ORD 


GHE & GOX SERV PREPS[—__} 4 i 


CLEAR NON-E: 
(f BS PERSONNEL FR 


(TM & CSM SMALL ORD Hi 


HVY ORD HOOKUPL_—_}-- []¢sE P 


CREW CLEAR PAD & CSMN) 
REMOTE RESISTANCE CKS' 


NTIAL 
ri PAD. 


~80 -78 -76 


CLEAR PAD[] | [HE CREW CLEAR 


[icsm cau 


VERIF 
WER UP 


[ese Pe 


[FC VAC PRESS" ] 


[loPEN PAD 
{LM PROPELLANT VENT LINE CONNECT : 


Clpre Pwr SW LIST 
i Genvest{_]  [EGSTES]  (RESIENCE 
© G&N/SCS INTERFACE TESTI] {isc PwR DOWN Q BALL PWR UP] 
i : D1GSE PWR DOWN (PARTIAL) 
[-Jstey pwr ON Pwr DOWN 
(cmc op 
J OPER POWER ON 
1.G&N OPERATIONAL 
[ac 1/F 


LAUNCH COUNTDOWN SC 104 


-36 -32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12 -10-9 -9-8 
REMOVE IU WATER "CSM PRE-— 
FREON NOZZLEL! INGRESS OPL—) 


: t csM AVG voice cxpl] 
Cisae eee Gato ose] OPEN sito 4[__] CSM: ee Nf} Pret 
JOPEN + FUEL CELL act ~-CSMECS|SUIT SEP SERV ! ‘OPEN sios[_} 
( WHITE ROOM RETRACT | 
F LOADING PRePs[ aan _ CLEAR PAD 
cShr i GSE Hookur: '& PURGE & LK cHKL_] Cre sil : Un|SHE SERV PREPS] r 

‘AUX DAM: AMPER F]. 

| iM she [IOFOEE] DAME) 

ATTITUDEP oO 

CMD cksE Fa a Oe = 
F147[- MOVE mt a 

H PRIMARY 

Fras] 4 DAMPER CONN. 9 

o104} foot 
i inanii SV Eps Test [] 2 
im 7 STANDBY roe Ont + DELTA Tf E-MEMORY VERIFY. i 
wc ort) OPTICAL SIGHTINGS J [| ' 2 
H het tt i Mc pe AEN IER PWR ON 1U-INTEREACE | a 
Henk (ewno-conpass_——_— 5 
(ANCE + H Oo 


APOLLO 9 MISSION EVENTS (CSM) 
aa=eaexejoaaw—seeee 


EVENT 


G.E.T. EVENT, 


EVENT » 47 
ateF 


“Launch 1 


Orbit Insertion 
GDC Align to IMU 

Install Optics (Eyepieces) 
Jettison Optics Covers 

P52 IMU Realign REFS 
PIPA Check (Optional) 

SCS Check 

SIVB Maneuver to TD ATT 
GDC Align 

P47 Thrust Monitor 
(Separation) 

Terminate P47 

Dock 

Update State Vector 
Configure for Ejection 

P47 Thrust Monitor 
Ejection 

Terminate P47 

SIVB Maneuver to R= 
P=0, Y=0 

PIPA Bias Check 

Ist SIVB Restart 
MCC Update State Vector 
P30 External AV 

P40 SPS Thrust 

P52 IMU Align PREF 

P40 SPS Thrust 

SXT Star Check 

SPS Burn 1 BT 5.0 sec 

AY 36.8 FPS 

2nd SIVB Restart 

Update for Daylight 

Star Check 

Daylight Star Check 

Update State Vector & de- 
sired IMU orient for Deorbit 


07:43 PIPA Bias Check 

SXT Calib, P23 

Deorbit 

Pwr, down IMU, CMC (P06) 
&SCS 

Pwr.up IMU, CMC & SCS. 
PSL 

Update State Vector 

PIPA Bias Check 

P30, P40 

P52 

P40 


i 
RBaRRTES 


2 SXT Star Check 
SPS Burn 2 BT 110.4 sec 
AV 849.4 FPS 

22:55 Update for Landmark 
Tracking 


Update State Vector 
P22 Landmark Tracking 
Update State Vector 


8 


24: P30, P40 

24:17 P52 IMU Align PREF 
24:37 P40 

24:40 SXT Star Check 
25:18:30 SPS Burn 3 BT 277.6 sec 
$1) Ge’ av 2548.1 FPS 


Computer Update Desired 
Orient for Lamk. Track 
P52 IMU Align PREF 


Update State Vector 
P22 Ldmk. Tracking 
Update State Vector 
P30, P40 

P52-PREF 

P30 

SXT Star Check 


Computer Update Ldmk, Track 


5 
2 


SRE 


RaSS 


‘SPS Burn 4__BT 28.0 sec 
AV 299, 8 FPS 

P52, REFS 

Update State Vector 

Pwr, down IMU, CMC (P06) 

& SCS 

Pwr.up IMU, CMC, & SCS 
State Vector Update 

Update LM AOT Observation 
Pad, LM S-BD Steerable Pad 
LMP IVT to LM 

Transfer LM to LM Power, P51 
P52-PREF 

CDR IVT to LM 

Mnvr. for LMAOT Star 
Observation 

PIPA Bias Check 

Support LM Comm. Checks 

as Required 

LGC/CMC Clock Syne. 

LM IMU Coarse Align , 
Update LM State Vector, ee 
CSM State Vector 
P52-REFS j 
P30, P40 SPS Thrust g 

P4l RCS Thrust Z 

Docked DPS Burn i/ @ 

BY 367 Sec AV -1699 FPS Lyset ji 7 &e. 
P76 

CDR IVT to CSM 
LMP IVT to CSM i i 
Update State Vector 

P30, P40 

P52-PREF 

P40 

SXT Star Check 

SPS Burn 5 BT 41.5 sec 
AV 550.5 FPS 


APOLLO 9 MISSION EVENTS (CSM) 


GET. EVENT EVENT G.E, 1. EVENT 
55:37 Update State Vector P52-REFS 140:45 Pst ; 
55:57 Pwr. down IMU, CMC (P06) P30, P40 141:35 Update State Vector, Nom Orient 

& SCS P76, P20 141:40  PIPA Bias Check 

Flight Plan Update V85, V83, P30 142:16  P52-Nom 

Pwr. up IMU, CMC & SCS P40-SPS Thrust 142:33  Update-Landmark Tracking 

LMP IVT to LM P76, P20 143:05 P22 

PSL P17 TPI Search 143:14 Update Landmark Tracking 

Update State Vector & P30, P40 14445 P22 

Desired Orientation P76, P20 P52-REFS, 

CDR IVT to LM P34 TPL P22 

P52-PREF P40 Update State Vector 

PIPA Bias Check P76 Pwr. down IMU, CMC & SCS. 


CDR IVT to CSM 
LMP IVT to CSM 

Update State Vector 

Pwr. down IMU, CMC (P06) 
& SCS 

Pwr.up IMU, CMC & SCS 
PSL 

Update CSM State Vector 
LM State Vector, Desired 
Orientation 

LMP IVT to LM 

Transfer LM to LM Power 
CDR IVT to LM 
P52-PREF 

LM/CMC Clock Sync. 
CMC Free Mode 

PIPA Bias Check 

CSM/LM Undocking 

P30, P41 RCS Thrust 

SM RCS SEP Burn BT 10.9 
sec AV 5,0 FPS 

P20 Rndz. Nav. 

P52-REFS 

VB5, P30, P40 

P76, P20 

P34, V32 


P47 Thrust Monitor § 
Rendezvous = 
Docking 

CDR IVT to CSM 

LMP IVT to CSM 

LM Jettison 

Post Jettison SEP Mnvr. 
BT 11.8 sec AV 5.0 FPS 
Update State Vector (47 
Pwr. down IMU, CMC (P06) 
& SCS 

Pwr.up IMU, CMC & SCS 

PSL 

PIPA Bias Check 
Update State Vector 
P30, P40 
P52-PREF 

P40-SPS Thrust 

SXT Star Check 

‘SPS Burn 6 

BT 2.4 sec AV 62.7 
P52-Nom 


Pwr.up IMU, CMC & SCS 
PSL 

Update State Vector 

PIPA Bias Check 


Load DAP, P40 SPS Thrust 
SXT Star Check 

SPS Burn 7 BT 6.2 sec 

AV 155.7 FPS 

Update State Vector 

Pwr.down IMU, CMC, & SCS 
Pwr. up IMU, GMC & SCS 

PIPA Bias Check 

PSL 

Update State Vector, Tgt. Load, 
Desired IMU Orient, Mnyr, Pad, 
Entry Pad 

P52-PI 
EXT sV P30 

Load DAP, P40 SPS Thrust 
SXT Star Check 

SPS Deorbit Burn BT 12,3 sec 
AV 313.4 FPS 

GM/SM Separation 

Chutes Deployed 

SPLASH DOWN 


APOLLO 9 MISSION EVENTS (LM) 


r CET 


47:28 
—a742 
48:13 


48:15 
49:05 


50:30 
51:05, 
S112 
09:23 
69:38 
70:48 
73:13 
73:28 
73:45 


EVENT. 


EGS Activation & Checkout 
CDR IVT to LM 


Ascent Batt ACT & Checkout 
Daylight AOT Star Check 89:55 
Visibility <<) 90:30 
Comm. Checks 90:37 
S-Band Steerable Ant. Check 
Pass to 46:34 90:43 
m Checks: 91:08 


PGNCS Turnon & Self-Check 91:10 
LGC Clock Initialization,» 40 po — 
Load Tephem, E-Mem Dump 

IMU Docked, Coarse Aligp., 91:38 
PIPA Bias Check 34 

Update LM State Vector, 
Gyro Torquing Angles 
IMU Fine Align Torquing 
Update Gyro Torquing 


93:45 
Angles, Fine Align Torquit 13:50 
pope, fee alan rit 


Docked DPS Burn BT 367 93:55, 
AV-1699 FPS 94:05, 
CDR IVT to CSM 94:20 
Initial Power Down, 94:30 
Transfer to CSM Power 94:55, 
LMP IVT to CSM 95:07 
LMP IVT to LM 


Transfer to LM Power 95:41 
EVA Preparation Gid 

LMP Egress LM OT 95:47 
LMP EVT to CM (Ingress CM) 96:00 
LMP EVT to LM (Egress CM 96:16 
Ingress LM) 


GET. 


420, LMP IVT to LM 04, E ‘ass to 75:15 
42:33 Transfert LMPower “76:46 ae IVT to CSM 


EVENT. 


EVENT. 


Tie ee 


‘Transfer to CSM Power 96:27 
LMP IVT to CSM 96:40 
LMP IVT to LM 97:00 
CDR IVT to LM 97:06 
PGNCS Turn on & sot ET 

LGC Check Initialization & — 97:10 
‘Tephem Check 97:55 
IMU Coarse Align |( €*}4-97:59 
Memory Dumps (2) 

Update LM State F212 98:10 
Vector, CSM State 2.2 98:22 
Vector, REFS 

BAI Etee Aligisnd FIP 

Bias Check 

CSM/LM Undocking 

P30 

P52 _ REFS Option 

P40 DPS Thrust 


Phasing Burn BT 25,2 sec 
WV 85.0 FPS 

P20 rat 
P34 35> 
Update P20 Fs 
V93, V32 at4 Marks | 
P52 REFS Option 

P20 

P40-CPS Thrust 
Insertion Burn BT 24,8 sec 
AV 39.9 FPS 


40155 


CSI Staging Burn BT 30.6 sec 
&V 37.8 FPS 

P20 

P33 

P42 

APS-CDH Burn BT 3,1 sec 
AV 37.9 FPS 

P20 

Pal 

RCS-TPI Burn BT 17.6 sec 
AV 21.8 FPS 

P41 RCS Thrust-MCC} 
P41 RCS Thrust-MCC2 


Rendez: ¢ , 
beanoe 91 (Fl 05 ~ 


P30, PIPA Bias Check 

CDR IVT to CSM 

P42, Enter POO 

LMP IVT to CSM 

LM Jettison 

MCC CMD Enter P42 APS Thrust 
MCC CMD APS Burn to 
Depletion BT 360.0 sec 

AV 5247 FPS, Orbit 3258 x 131 


CSM-LM RENDEZVOUS PERIOD 92:30 hours to 100:30 hours 


| 4 _-CSM Separation Burn (RCS) 1 Phasing (DPS) 
L-CSMeL 14°Th 109 sec ae 25.2 sec (10.2 sec at 40%) 
UNDOCK tT AV: 50 fps 1 AV+850 fps 
' {| Ullage time 8sec 
4 


DARKNESS 


9230 9240 9250-9300 9310-9320 «99909340 «9350 94004942040 4D 94509500 «SIDS «9820 «950 
IVT of the two. L-csi (Res) OH (aps) tpl (Res)! 
LM crew members 1 Tp +306 sec Tp-3.1 sec 1 Tp 176 sec} 
at 89%00™ get AV= 39.9 fps § AV=378 fps AV=37.9 fps 1 AV*218 fps 
Ullage tim 7 Ullage time «4 sec | H 
4 ‘ 

' 

iZ 


9530-9540 «9550 9600 HID. 9620 9630-94 HSO.- 9700S 97109720» 9730 ©9740 «9750 «= 98.00 


0 H 
1 CSM-LM Docking | Long duration APS burn 
iH Nl Tp = 360.0 sec 
] H AV =5246.7 fps 
RCS 45.7 sec i i Ullage time 4 sec 
(Theoretical) HT H 101.55 GET. 


9800-9810 «98209830 840 © BSD: 990099109920 9930 9940 ©9950 10000 10010-10020 100:30 


cstcnes) 4 
96:22;00,0 


f 
: 40.2 mn 
e 45.0 
AV = 5,0 ov 
SM RES, 10,9 see 
8 té, 
L\_| 
t S | . 
: | - 
3 Phasog AGS) 
93:50:03.6 WER 
= ‘BV = 85.0 fos 
5 BPs, 5-7 ee 09K / 400 
& 
z : 
2 ave f 
4 (Chereican j 
| TPrpocs) gon peness f 
97:39:30.0 (TA¥4 ‘we = é 
ave A 
aes, 17. 
s ‘aterconnect) 
$3.9 nin 
ocr 
AV 8b toy, RCSA | ed 
1p Lan tte amt 
> » &© © © 0 » © 10 


0 
Ua ened be Curvilinear horizontal displacement, X, n. mi. 


Relative mation (curvilinear, CSM-centered) for UN-active rendezvous of mission D, 


SEQUENCE OF EVENTS FOR SPACECRAFT MANEUVERS 


Feriod Tara Olle Teaing 
Event Propulsion Time Time Toeal SV Gaidince ‘iy/ips” Tracking 
Activity ‘aysem sec see ffs Me™ nit” Stations 
cama =o =r 
Ineerton ETR, VAN 
SUIS to separation ass None 
ate 
(CSM separation & sures 7.0 
docking © 
LM ection sacs 3.0 112/109 None 
SP5-1 oct as Soo IAG aw 
2 $052 (socked 8S O40 BHR. GEN 191/113 BDA 
exes 
585-3 (ockod) 576 0 ase. GAN” 1/115 MLD 
coxa 
SP5-4 (0080) ss 0 Sw am8 GUN ints TEX 
on av 
3 LM systems 
catenin 
= BPS burn (docks ws 600 270/118 MIL,8DA 
585-5 (ocho) ss 4s ® 133/133 GYM 
EVA 
D9 CSM weparation SMRCS 10.9 5.0 131/130 None 
‘are 
= Phasing mest 25.2 6 $5.0 AGS 144/118 MER oy 
2 Innertion DPS-108 24.8 £7 99,9 = PGNCS- 143/141 GYM 
ox 
vy mos LMRCS 30.6 037.8 SFENGS- 139/120, TAN 
exo 
+ oom aes aut 37.9 -FONGS- 120/118 RED. 
ea 
co —m LMRCS 17.6 0 = 132/119 TAN 
Lambert 
25 RAPS ng gras 10:2600.0 21:53:00.0 ARS MLO 3 SUM. THTGNGE S2I7/129 GYM THX, ML 
© 585-6 (00h) 121:9:00,0. 7500.0 Se5 24 3 627 GUN 129/95 CHO 
ea 
85-70) 1694740.0 o:EM0,0. SES 6.2m 1887 GAN” 21093 a 
oa 
AJ S858 (oor) —BHI0-00.0 OosIS90.4 SS 12.3 R.A GEN 208/29 MAW, RED 
tL ext WV 


‘Launch ts axsumed to occur at 1100 Hea, EST on February 25, 1969, 
untage time givea is for separation from $-IVB with fps. 

2 jet ullage. 

10 percent thrust for 15 seconds; 40 percent thrust for 10.2 seconds. 

Te velocity-to-be-galned resldsals will be trimmed by RCS using FGNCS (Kf necessary). 
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OM SEQUENCE OF EVENTS FOR REEXTRY 


0.056 


tortie Letereapatn | “ton” 

fo] See | ave 
Thury tatertace awe | 00 | ate 
aso0s | até | ot 
eart apler pos aso | are | oo 
atey final pose are | a6 | os 
oak Satz tet eno | ata | oat 
Guidance termination "1 002 *-52.01 0.73 
Drogue parachute deployment: “N6T The 71.26 
Maia parachute deploysent som | 89.9 | -1.33 
‘Touchdown (238:40:47.61 *~ 09.8 Pod 


“Relative velocity and flight-path angle. 


Grover ALTITUDE (FT) 


ENTER YE COMMUNICATION BLACKOUT 


e a 
as 
3 FYAEC? INA TLATE GUIDANCE 
ENTER S-BAND COMMUNICATION BLACKOUT 
“ 
snes couracsnon macront 
Saag chon 
ree 
iain ie 
ri ale zi 


TeaMinaté GUIDANCE 


H procur ornoy 
i 
a Ee eee ina 


ar) ry ry 70 ° 
WANGE-TO-GO (Nm) 


Altitude and range profile for reentry. 


C/M COMPUTER PROGRAMS 


PHASE PROGRAM PROGRAM TITLE 
NUMBER 
PRE-LAUNCH 00 CMC IDLING 
AND o1 PRELAUNCH OR SERVICE-INITIALIZATION 
SERVICE 02 PRELAUNCH OR SERVICE-GYRO COMPASSING 
03 PRELAUNCH OR SERVICE-OPTICAL VERIFICATION OF 
GYRO COMPASSING 
06 GNCS POWER DOWN 
o7 SYSTEMS TE: 
BOOST 1 RTH ORBIT INSERTION MONITOR (EO!) 
7 TRANSFER PHASE INITIALIZATION SEARCH (TPI) 
COAST 20 RENDEZVOUS NAVIGATION 
a1 GROUND TRACK DETERMINATION 
22 ORBITAL NAVIGATION 
23 CISLUNAR MIDCOURSE NAVIGATION 
27 MC UPDATE 
PRE- 30 EXTERNAL DELTA V 
THRUSTING 31 LAMBERT AIMPOINT MANEUVER 
wu TRANSFER PHASE INITIATION (TPI) 
35 TRANSFER PHASE (MIDCOURSE) 
aT RETURN TO EARTH (RTE) 
38 STABLE ORBIT RENDEZVOUS (SOR) 
39 STABLE ORBIT MIDCOURSE (SOM) 
THRUSTING 40 SPS 
a1 Res 
47 THRUST MONITOR 
ALIGNMENT 51 IMU ORIENTATION DETERMINATION 
52 IMU REALIGN 
33 BACK-UP IMU ORIENTATION DETERMINATION 
cy BACK-UP IMU REALIGN 
ENTRY 61 ENTRY-MANEUVER TO CM/SM SEPARATION ATTITUDE 
62 ENTRY-CM/SM SEPARATIONAND PRE-ENTRY 
MANEUVER 
63 ENTRY INITIALIZATION 
64 ENTRY-POST 0.05G 
65 ENTRY-UP CONTROL, 
66 ENTRY-BALLISTIC 
67 ENTRY-FINAL PHASE 
ABORT a LM TRANSFER PHASE INITIATION (TPI) TARGETING 
6 LM TRANSFER PHASE (MIDCOURSE) TARGETING 
16 LM TARGET DELTA V 
1 LM TPI SEARCH 
78 LM SOR TARGETING 


9 LM SOM TARGETING 


(LM EARTH ORBITAL) COMPUTER PROGRAMS. 


PHASE PROGRAM PROGRAM TITLE 
NUMBER 
SERVICE 00 CMC IDLING 
06 LGC POWER DOWN 
ASCENT 10 PREDICTED LAUNCH TIME (CFP) 
1 PREDICTED LAUNCH TIME (DT) 
2 POWERED ASCENT 
coast 20 RENDEZVOUS NAVIGATION 
21 GROUND TRACK DETERMINATION 
22 LUNAR SURFACE NAVIGATION 
23 PREFERRED TRACKING ATTITUDE, 
a7 LGC UPDATE 
PRE- 
THRUSTING 30 EXTERNAL DELTA V 


LAMBERT AIM POINT GUIDANCE 
CO-ELLIPTIC SEQUENCE INITIATION (CSI) 
CONSTANT DELTA ALTITUDE (CDII) 
TRANS PHASE INITIATION (TPI) 
TRANSFER PHASE MIDCOURSE (TPM) 
STABLE ORBIT RENDEZVOUS (SOR) 
STABLE ORBIT MIDCOURSE (SOM) 


THRUSTING 40 DPS 
a RCS 
42 APS 
46 LM/CSM SEPARATION MONITOR 
i THRUST MONITOR 
ALIGNMENT. IMU ORIENTATION DETERMINATION 


IMU REALIGN 
LUNAR SURFACE ALIGN 


DESCENT BRAKING PHASE 
APPROACH PHASE 
LANDING PHASE (AUTO) 
LANDING PHASE (ROD) 


LANDING PHASE (MANUAL) 


ABORTS 


DPS ABORT 

APS ABORT 

CSM CO-ELLIPTIC SEQUENCE INITIATION (CS 
TARGETING 

CSM CONSTANT DELTA ALTITUDE (CDH) TARGETING 


3 

4 CSM TRANSFER PHASE INITIATION (TPI) TARGETING. 
5 CSM TRANSFER PHASE MIDCOURSE (TPM) TARGETING 
78 CSM STABLE ORBIT RENDEZVOUS (SOR) TARGETING 


79 CSM STABLE ORBIT MIDCOURSE (SOM) TARGETING 


OPTION CODES (VO4NO6) 00120 TOR REG OSS NOT ZEROED SET O55 TO ZERO RSET CONT 
No 
RLGODE’ —(BURBOSE RODE 00122 MARKING NOT CALLED FOR RSET 
0000) IMU ORIENTATION 1 = PREF 2 00124 NO SOLUTION TO TPI RSET V32E 
00002 VEHICLE 12 THs 2 00205—<=PIPA_ SATURATED SWITCH TO_ SCS 
00003 TRACK "ATTITUDE 1 = PREF 2 00206 ZERO ENCODE NOT ALLOWED RSET Val V40 
00005 SOR PHASE 1 = FIRST 2 00211 COARSE ALIGN. ERROR ERROR: KEY _VO6N20E 
00007 PROP SYSTEM 12 sps) 2 00215 PREF ORIENT NOT SPECIFIED RSET DEFINE PREF 
00217 Iss MODE SWITCH FAIL RSET REINITIATE PROG 
CHECKLIST REF CODES (VSON25) 00220 IMU NOT. ALIGNED RSET 
RI CODE. ACTION 0040] DESIRED ANGLES GMBL LOCK RSET AVOID GMBL LOCK 
00404# TARGET OUT OF 90 DEG RSET MNVR NEW TGT 
00014 PERFORM FINE ALIGN 00405 TWO ‘STARS NOT AVAIL MNVR RSET V32 
00015 ACQUIRE CELESTIAL BODY 00408 — P20_NOT_ OPERATING RSET 
00016 TERMINATE MARKS 00407 TARGET OUT OF 50 DEG RSET /MNVR 
00047 cM SM. SEP 00421 = W_ MATRIX OVERFLOW RSET P27 S.V._UPDATE 
00062 KEY CMC TO STBY 00611 NO TIG FOR ELEV ANGLE © V32E NEW’ ELEV RSET 
00202 G&N AUTO MNVR 01105 DOWN TEL TOO FAST RSET 
00203 SWITCH TO_CMC-AUTO 01106 UP TEL_TOO_ FAST RSET RETRANSMIT 
00204 SPS GMBL TRIM 01207 + NO VAC AREA FOR MARKS RSET TERM, REINITIATE 
01211 + ILLEGAL RUPT OF EXTD VERB RSET TERM. REINITIATE 
ALARM CODES (VOSNO9) 01302 NO SOLUTION RSET REINITIATE PROG 
CODE DESCRIPTION CORRECTIVE ACTION Oa NG NINCREASING! TERMINATE THaUSt RSET 
00110 MARK REJECT UNNECESSARY RSET CONT 01427 IMU. REVERSED RSET CONT 0 DEG = LIFT DN 
00112 MARK NOT ACCEPTED RSET CONT 01520 V37_NOT ALLOWED RSET 
00113 NO. INBITS RSET REATTEMPT ENTRY 01703 CANNOT INTEG SV TO TIG — RSET/AUTO TIG SLIP 
00114 MARK NOT DESIRED RSET CONT 
00115 TOR REQ. OS§ NOT IN CMC SET OSS TO CMC RSET/CONT 
00118 OSS SW’ BEFORE 15. SEC SET _OS$ TO ZERO RSET CONT 
00117 TOR REQ OSS NOT AVAIL RSET + RESTART # AUTO DISPLAY 


VERB LIST 


Pat Icpu 
GOARSE 


FINE 
OA ERRORS 
ACTIVATE DAP 
LM_ INTO CSM 
LOAD DAP 
GREW MNVR 
GOAS MARK 
ADD ATIME 
STOP TRACK 
SXT_MARK 
RESET STICK 
SET NI7=N20 


FOLLOW ERROR 
FINAL, ERROR 
NI7 ERROR 

S_ BAND ANT 
GSM INTO LM 
W_MATRIX RMS 
STROKER 
UPDATE LO 
BLOGK UPDATE 
SINGLE UPDATE 
UPDATE TIME 
ERASE BUMP 
SET PREF FLG 
RESET PREF 


80 
BI 


UPDATE LM SV 40 TF 


UPDATE CSM SV 
ORBIT PARAM 
RR DOT.THETA 41 


INITIALIZE W 


TERM INTEG = 43 
aay 
49 
50 
51 

NOUN LIST 53 

CRWAT 

PREAT 54 

NEW.AT 

TIME 

T FM PER 55 

Tle 

T FM EVT 

Tie TP 56 

T ST VEG 

AT TNFR 87 


aa VXXX. 
JSR SOR 


HPXX.X 


VELE.R 


m——-——---— 
SNOQOSON— 


PLANET 
ALPHERATZ 
DIPHDA 
NAVI 
ACHERNAR 
POLARIS 
AGAMAR 
MENKAR 
MIRFAK 
ALDEBARAN 
RIGEL 
GAPELLA 
GANOPUS 
SIRIUS 
PROCYON 
REGOR 
DNOGES 
ALPHARD 
REGULUS 
DENEBOLA 
GIENAH 
AGRUX 
SPIGA 


27 
30 
3! 
32 
33 
34 
35 
36 
37 
WO 


41 

42 
43 
44 
45 


NOUN 70 GODES 


: CELESTIAL BODY CODE O00XX 


ALKAID 
MENKENT 
ARCTURUS 
ALPHECGA 
ANTARES 
ATRIA 
RASALHAGUE 
VEGA 


NUNK! 
ALTAIR 


DABIH 
PEAGOCK 
DENED 
ENIF 
FOMALHAUT 


46° SUN 


7 
50 


EARTH 
MOON 


A 
A 
B 


& 
DE 


R2: LANDMARK DATA ABCDE 


| IF KNOWN LDMK 

2 IF UNKNOWN LDMK 
INDEX OF OFFSET DESIG 
NOT USED 


= LDMK ID NO 


R3: HORIZON DATA OOCDO 


1 FOR EARTH HORIZON 
2 FOR MOON HORIZON 

1 FOR NEAR HORIZON 

2 FOR FAR HORIZON 


NORTH STAR CHART 
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SOUTH STAR CHART 


eS 
e & “xs 
"es 
° P 
we, 
© *o4 I7 
@e = 
rs) 
06 rw 
ois 


ACN 


ABBREVIATIONS. 


Ascension Tracking Station 
abort guidance system 
Antigua Tracking Station 
ascent propulsion system 
Bermuda Tracking Station 
California Tracking Station 
constant differential height 
control electronics system 
Carnarvon Tracking Station 
concentric sequence initiation 
command and service modules 
digital autopilot 

descent propulsion system 
extravehicular mobility unit 
extravehicular activity 
extravehicular transfer 

fixed throttle point 

Grand Bahama Tracking Station 
Goldstone Tracking Station 
ground elapsed time 
Greenwich mean time 
guidance and navigation 


Guaymas Tracking Station 


VAN 


ABB! 


A TIONS 


Hawall Tracking Station 
intravehicular transfer 

lunar module 

loss of signal 

Mercury Tracking Ship 
Merritt Island Tracking Station 
Manned Space Flight Network 


primary guidance and navigation 
control subsystem, 


portable Iife support system 
Pretoria Tracking Station 
reaction control subsystem 
spacecraft LM adapter 
service propulsion system 
Saturn IC, LV first stage 
Saturn I, LV second stage 
Saturn 1VB, LY third stage 
Tananarive Tracking Station 
transposition and docking 
Corpus Christ! Tracking Station 
translunar injection 
terminal phase initialization 
terminal phase finalization 


Vanguard Tracking Ship 
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